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Abstract
Aim: During the last decades, and as a result of the absence of both traditional and conservationorientated vegetation management, wet meadows’ total cover in the lakeshore of Lesser Prespa
has declined and has been replaced by reedbed, dominated by either Phragmites australis or
Typha angustifolia. Thus, one of the main goals in the Prespa Waterbirds LIFE project is the
restoration of wet meadow vegetation communities via management which includes both the
usage of mechanical machinery (mowing) and grazing on reedbed areas. To assess the
effectiveness of the applied techniques, both in the structure and floristic composition, a
monitoring scheme has been created and implemented.
Methods: Eight blocks of transects were established in 2018 in northern Lesser Prespa (Area A)
and six blocks in 2019 in the east part of the lake (Area B) in the reedbed and wet meadow areas,
using a random stratified sampling methodology. The sampling sites cover a wide range of
hydrological conditions resulting from their topographic position on the lakeshore (minimum &
maximum elevation: 849.80m & 851.31m, range: 1.51 m). Each block is constituted by three
transects; the middle transect is left intact during the management (control) while the other two,
placed left and right of the control in 20 m distance, are mowed. For sampling, 6 sampling points
were placed at equal distance along the transect where a 1x1 m quadrat was established
containing 4 nested quadrats of 0.4x0.4 m, one in each corner. Each sampling point was assessed
before mowing in July 2018 (Area A) and in July 2019 (Area B). In both areas, management is
implemented during July – November. Area A was cut in 2018, 2019, and 2020 while in Area B
the management started in 2019 and was repeated in 2020. The water level (cm), the density of
stems (culms), the height (m), and the diameter (mm) of the highest stem were recorded in every
0.4x0.4 quadrat. In addition, and for every 1x1m quadrat, the presence and cover of each plant
species were noted.
Analyses: Analysis of variance for repeated measures (MANOVA) with post hoc tests (LSD
Fisher) was applied to test changes between years in the parameters of the structure of the
reedbed vegetation (density, height, and diameter). Basic statistics, diversity indices, and
Canonical Correspondence Analysis were applied to the floristic datasets to explore plant
community patterns. All analyses were performed with Statistica software or R programming
language.
Results: The water level of the lake was contrasted during the study period, with high water level
in 2018 while drought and low water level in Lesser Prespa being prominent during the summers
of 2019 and 2020. In Area A, the densities of P. australis and T. angustifolia were higher in the
mowed transects than in the Control. P. australis shoot density had an overall increase of 23% in
area A (p<0.05). However, no significant effect of management was detected in Area B. A strong
decrease in the maximum height of P. australis was found in both areas - 60% recorded in area
A and 30% in area B. The height decrease was mostly explained by the drought but management
had also a significant effect on the height in 2020 in both areas (A & B). No effect of management
was found in the shoot diameter in area A while a diameter’s decrease was found in Area B. The
effects of management on T. angustifolia were assessed only in Area A; that species was too
scarce in Area B for statistical tests. While no significant effect of management was found after
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one year on the structure density, height, and diameter of shoots, the effects of management
appeared significant after two years: the density and the shoot diameter showed a significant
increasing trend. Most of the variance of the under study structure variables is attributed to the
heterogeneity of the plots and time, viz. the environmental stress expressed as drought, while
management had a comparatively smaller overall effect. No significant differences were found in
the species composition between the control and the management transects even though a
positive effect was detected in species diversity when compared with the control.

Main conclusions: The absence of a negative trend in the density of both species can be
attributed mainly to the lack of subsequent submergence of the mowed shoots, as a result of the
low water levels recorded in Lesser Prespa during management implementation. Moreover, the
differences between plots were larger than the difference between years on individual transects
as a result of the wide range of environmental conditions found in the management areas. In
addition, previous studies have demonstrated that the reedbeds of Prespa are of high productivity
thus, in the absence of a significant stressor factor (submergence), the harvest of the reed has a
limited impact on the regrowth of the reedbed. The continuation of the management practices
during the following years of the LIFE Prespa Waterbirds project is of high priority for the
successful restoration of wet meadow vegetation.

Keywords: Phragmites australis, common reed, wet meadows, Prespa National Park, reedbed,
vegetation management, mowing, grazing.
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1. Introduction
Prespa area, NW Greece, is a biodiversity hotspot with several important animal and plant taxa
found in its basin and around Lesser and Great Prespa Lakes (Bousbouras and Ioannidis, 1997;
Catsadorakis, 1997; Crivelli et al., 1997; Pavlides, 1997). With more than 1800 plant taxa
recorded in the Greek part alone (Strid et al., 2020), Prespa is considered as one of the 28
phytodiversity hotspots of Greece (Kougioumoutzis et al., 2021). In addition, more than 70
vegetation units have been recorded in the area (Vrachnakis et al. 2011), including 30 habitat
types of the Habitats Directive (92/43/EEC). Prespa is a wetland of international importance (a
Ramsar site) and harbors very rich wetland vegetation communities (Zervas et al., 2020).
Following the typical vegetation zonation of Lesser Prespa Lake, and starting from the terrestrial
habitats, one can find:
I.

II.

III.

Wet meadows (habitat type 6420 - Mediterranean tall humid herb grasslands of
the Molinio-Holoschoenion, listed in the Habitat Directive) composed mainly by
Agrostis spp., Carex spp., Gallium palustre, Gratiola officinalis, Holcus lanatus,
Juncus spp., Rorippa sp. and several species of Trifolium (Strid et al., 2020) with
a total cover of 60 ha.
Reedbeds (national habitat type 72A0 – Reedbeds; Dafis et al., 2011), composed
mainly by Phragmites australis and Typha angustifolia with a total cover 811 ha,
and
Floating and submerged aquatic communities (habitat type 3150 - Natural
eutrophic lakes with Magnopotamion or Hydrocharition - type vegetation; Habitats
Directive), composed by Nymphea alba, Nuphar lutea, Nymphoides peltata,
Myriophyllum spicatum, Ceratophyllum demersum, Aldrovanda vesiculosa,
Utricularia spp., Lemna spp., with a total cover 208 ha.

Reedbeds are key ecosystems with important functions and services in the landscape (Kiviat,
2013), tending to establish monospecific stands. Located at the interface between aquatic and
terrestrial ecosystems they have an important role in nutrient cycling (Hocking 1989) as they tend
to reduce the nutrient inflow from terrestrial habitats (e.g. agriculture), preventing eutrophication
of lakes and more generally aquatic habitats. Furthermore, they can also prevent shore erosion
through buffering wave action (Ostendorp et al., 1995). Reedbeds are a core habitat for many
species, notably plants (e.g., Aldrovanda vesiculosa, Grillas et al., 2018), arthropods, and birds
(Poulin and Lefebvre, 2002). In addition, they are used for various socio-economic activities (reed
harvest, fishing, bird watching, etc.).
Wet meadows play an important role in the conservation of biodiversity including plants
(Wotavová et al., 2004), invertebrates (Cattin et al., 2003; Moroń et al., 2008; Sawchik et al.,
2005), amphibians, fish, and birds (Pyrovetsi and Crivelli, 1988; Benayas and Scheiner 1993,
Kazoglou et al. 2004, Moroń et al. 2008). Wet meadows are highly threatened because of direct
conversion to agricultural land and the lack of appropriate management (van Diggelen et al. 2006;
Duncan and D’Herbès, 1981). Abandonment is a particular concern in Europe, especially in
central European and Baltic countries (Joyce 2014). Water level fluctuations generate optimal
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conditions for Phragmites encroachment along lakeshores especially in the absence of
management (Coops & Van Der Velde 1996, Coops et al. 2004) resulting in loss of biodiversity
(e.g. Duncan & D’Herbès 1981, Esselink et al. 2000, Burnside et al. 2007).
During the last 35 years, large-scale changes have been observed in the lakeshore of Lesser
Prespa Lake with ecological and conservation implications, notably an increase of the reedbed
habitat at the expense of wet meadows. In addition, in the Vromolimni area, narrow-leaf cattail
Typha angustifolia has encroached against the common reed (Phragmites australis (Cav.) Steud.
(Grillas et al., 2018). At the same time, socioeconomic changes that took place in the region since
the end of 1950 resulting in the abandonment of traditional practices (e.g., grazing) and by
consequence the decrease of wet meadows. In traditional management, grazing prevents the
dominance of Phragmites allowing the development of wet meadows (e.g. Vulink et al. 2000). The
expansion of tall helophytes such as Phragmites australis in wet meadows is a widespread
phenomenon notably in Europe and in the Balkans where it is a concern for the conservation of
biodiversity (e.g. Güsewell & Edwards 1999; Prach, 2008; Joyce, 2014).
Common cattle are successful at decreasing reeds’ density when grazing pressure is high (Vulink
et al. 2000). Alternative grazer species such as the water buffalo which penetrate deep into the
shore zone can be more efficient in wet meadow restoration practices and the creation of opening
inside reedbeds (Catsadorakis & Malakou 1997; Kazoglou et al., 2004a, Sweers et al. 2013),
enchaining thus local level vegetation and species diversity. However, high grazing pressure can
degrade wet meadows' conservation degree and may threaten the nesting success of waterbirds
(Müller et al. 2007), and grazing pressure should be limited by nature conservation restrictions
(Oppermann & Luick 1999).
As a substitute to traditional grazing practice, mowing can be used to maintain habitat (Buttler,
1992; Berg and Gustafson 2007, Kołos and Banaszuk, 2013). The date, as well as the frequency
of mowing, may have significant impacts on plant communities and faunal biodiversity, e.g. in
nesting success of water birds and invertebrate population dynamics (Cattin et al. 2003, Berg &
Gustafson 2007).
Recent studies on the ecology of reedbeds and the restoration of wet meadows in the Prespa
area include i) the use of water-buffalo grazing as a tool for wet meadow restoration (Kazoglou et
al., 2004a; Kazoglou et al., 2004b, Kazoglou 2007), ii) analysis of the ecological niches of the
main reedbed species of the area viz., Phragmites australis and Typha angustifolia (Grillas et al.,
2018a; Grillas et al., 2018b), and iii) their short-term dynamics in their ecotone (Grillas &
Sakellarakis, 2020a, Grillas & Sakellarakis, 2020b). In addition, the strong effect of subsequent
submergence on the mowed Phragmites stems has been well documented through in situ field
experiments (Sakellarakis & Grillas, 2019). Ultimately, Grillas et al. (2019) provided detailed
guidelines for the management of the reedbeds of Lesser Prespa, based on the results that have
been obtained through the LIFE Prespa Waterbirds project and the existing literature.
As a result, management is implemented every year in the lakeshore of Lesser Prespa,
incorporating different ecological and topographical gradients. Management includes cutting with
mechanical machinery and grazing by cattle and sheep in selected localities. Cutting is taking
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place during July-October even though in some years there has been a second cutting during
November in specific areas (Koutseri et al., 2019).
Thus, the general aim of this report is to assess the impact of management actions in the reedbed
through their structural characterization and their floristic composition. More specifically, the
hypothesis that mowing can lead to a significant decline in the density and height of the reedbed
was tested aiming at the dominance, and consequently the restoration, of wet meadow
vegetation.

2. Methods
2.1 Study site
During the monitoring fieldwork (2018-2021), the water level of Lesser Prespa lake showed large
inter-annual differences. During the baseline year (2018), after a dry winter, the water level rose
and remained above mean levels (1969-2020) until the end of the year.
The following year (2019) the water level of the lake was below the mean from April to July and
remained slightly below the mean until winter. In 2020, the lake level remained below mean levels
throughout the year with an extremely low level during the summer season. Thus all monitoring
and control transects were established during a wet year that was followed by two very dry years
(Figure 1).

Figure 1. Water level (m) of Lesser Prespa (data 1969-2020). Blue line corresponds to the mean
and grey intervals to the standard error; Red to 2018, dark ochre to 2019, and green to 2020;
Julian day 0 is the 1st of January, 100 is 10th of April, 200 is 19th of July, and 300 is 27th of
October.
6

2.2 Site and variables selection
To monitor the effects of the management in the reedbeds and wet meadows of Lesser Prespa,
a random stratified monitoring protocol was used with paired sample transects (management and
control).
The monitoring was planned and implemented following the progression of the management
activities by the Society for the Protection of Prespa. Thus, and since in 2018 only the north part
of Lesser Prespa was managed, eight blocks of transect were established in this area (Map 1,
Area A, 24 transects in total). The following year (2019), SPP set under management the east
part of Lesser Prespa, allowing the establishment of seven additional blocks (Map 1, Area B, 21
transects in total). The sampling sites cover a wide range of hydrological conditions with minimum
& maximum elevation in Area A 849.80m & 850.83m respectively and in Area B 849.94m &
851.31m, resulting in an overall 1.51m difference between the lowest and highest sampling
positions.
In each selected site, a “block” of three transects was established, where the middle transect was
left intact (control) while the other two, placed left and right of the control in 20 m distance, were
mowed during the management implementation (mid-summer to mid-autumn every year). In each
control transect, a buffer zone of 10 meters on both sides was created to avoid disturbances and
to assure ecological integrity. On each transect, 6 sampling points were distributed at an even
distance. In every sampling point 4 nested quadrats of 0.4x0.4 m were established, one in every
corner of a 1x1 m quadrat.
Previous studies in the reedbeds of Prespa (Grillas et al., 2018), have demonstrated that the most
important variables to describe the structure of the reedbeds are the density of stems, the
maximum height, and the diameter of the highest individual (measured about 10cm above soil
surface) for each tall helophyte species (P. australis and T. angustifolia). Thus, these variables
(height, diameter, density) were selected for the monitoring of management’s effect. Structure
variables were noted in each nested quadrat (0.4x0.4cm) of every sampling point (1x1m) for P.
australis and T. angustifolia. Height was measured with an accuracy of +/- 5 cm while diameter
with precision of 0.1 mm. In addition, in every sampling point (1x1m), all plant taxa rooted inside
the quadrat were recorded. The total cover of each taxon was then assigned to a seven-scale
class (see Grillas et al., 2018). The water level was recorded on each quadrat when present.
Measurements of the structure of the vegetation and species composition were done every year
before the implementation of management (fieldwork during late June and July; management late
July to November).
The exact coordinates of every quadrat were noted with a handheld GPS (Garmin 64 Map) to be
revisited yearly. The elevation of each site was measured in 2020 using a D-GPS SP60 GNSS
Receiver by Spectra Geospatial with a real-time kinematic position and with a horizontal and
vertical accuracy of 8 mm + 1 ppm and 15 mm + 1 ppm respectively.
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In total, 576 quadrats of 0.16 m² (0.4x0.4 m) were established in 2018 and 504 in 2019. However,
some errors in the date or exact location of mowing resulted in some missing data in 2020 (40
quadrats out of a total of 432 quadrats) mainly located in Area B, blocks K (32/72) and O (8/72).

2.2. Data analysis
The shoot density values per quadrat were transformed (√ density) for variance analysis to meet
the distribution assumptions while no transformation was needed for the height and diameter of
shoots.
The variations between years of the parameters of the structure for Phragmites australis and
Typha angustifolia were studied using analysis of variance for repeated measures (MANOVA)
where quadrats were considered as samples within transects. In these MANOVA the effects
tested were the Time (difference between years), the Type of management (mowed / control), the
Plot, and their interactions. When significant differences were found, a post hoc test (LSD Fisher)
was performed for pair comparisons. The dataset for transects in Area A and transects in Area B
were analyzed separately due to differences in their management regimes. The transects in Area
A were established in 2018 allowing mowing in two successive years (2018 & 2019; two years
management) while in Area B management implementation took place for the first time in 2019
(one-year management).
In the analysis of data, some blocks were removed from the MANOVA when the full analysis of
the factors (Time, Block, and Management) and their interactions were not possible because of
insufficient and/or imbalanced data set. The frequency of P. australis and T. angustifolia showed
some large variations between years, probably resulting from contrasting hydrological years. In
addition, some mistakes in the location or the date for implementing management resulted in
missing data (Table 1).

Table 1. Blocks considered in each analysis in both Area A & B (individual blocks were
not considered when data distribution was excessively unbalanced between the Managed and
Control transects).
P. australis
Density
Height
Diameter
T. angustifolia
Density
Height
Diameter

Area A
A, B, C, D, F, G & H
A, C, D, G & H
C, D, G & H
Area A
A, B, D, E, F, G & H
A, B, E, G & H
A, B, E, G & H

Area B
K, L, M, O, P & Q
K, L, M, O, P & Q
K, L, M, O, P & Q
Area B

When data distribution did not allow for parametric statistics, comparisons between years
for all variables were achieved using non-parametric variance analysis (Wilcoxon).
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To assess the effect of the management on the plant communities of the study area, a Canonical
Correspondence Analysis was performed using the Package “Vegan” in R environment. Basic
statistical parameters, as well as diversity indices, were calculated and plotted in R environment
as well.
Statistical analyses were done using Statistica software; maps were produced in QGIS 3.0.3.
while the graph of the Lesser’s Prespa water level in R environment with the usage of “ggplot2”
package (Wickham 2016).

3. Results
During the sampling years, Phragmites maintained its presence in its occupied quadrats both in
Area A (2018: 271; 2019: 298, 2020: 291) and B (2019: 346; 2020: 343) with a small increase in
the occupied quadrats recorded in Area A during 2019, (Figure 2 & 3). On the other hand, Typha
showed a negative trend both in Area A (2018: 269, 2019: 194, 2020: 161) & B (2019:64, 2020:
39), with a 59% and 61% decrease in the number of occupied quadrats respectively (Figure 2 &
3).

Figure 2. Number of occupied quadrats in the transects of Area A by Phragmites australis and
Typha angustifolia.
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Figure 3. Number of occupied quadrats in the transects of Area B by Phragmites australis and
Typha angustifolia.

3.1 Impacts on Phragmites australis density
3.1.1. Density effect in Area A
Even if the vast majority of the variance is not explained by the variables studied, Management
had a significant effect on P. australis shoot density (see Table 2). Overall, there was a 23%
increase in the shoot density of Phragmites in mowed transects while it remained rather stable in
control transects (no significant difference between the 3 years of sampling; Fig. 4).
Management’s importance in explaining the observed variance is small (only 6% of the explained
variance) compared to other parameters such as Blocks (F=125,8; p< 10-7; 73.5% of the explained
variance). Time is also a significant factor (F= 11.394; p=0.000013; 7% of explained variance) as
well as the interactions between Time, Block, and Management.
Mowing impact on P. australis density differed between blocks (Table 2, Interaction Block X
Management p=0.013214; see Figure 5). The shoot density did not significantly differ between
treatments in Blocks F, G, and H in contrast with blocks A or C.
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Map 1. Position of transects in the management areas. Area A constitutes eight blocks of transects (Blocks A to H) and Area B of seven (Blocks K
to Q).
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Table 2. Result of the MANOVA testing for the effects of Management, Block and Time and
their interactions on the shoot density (√density) of Phragmites australis between 2018 and
2020. Significant values at p<0.05 are shown in red.

Variance analysis for repeated measurements
Effect

Sum
Squares
Intercept
2185.447
Block
1070.588
Management
15.169
Block*Management
23.154
Error
626.906
TIME
19.383
TIME*Block
108.921
TIME*Management
10.336
TIME*Block*Management37.934
Error
751.873

df
1
6
1
6
442
2
12
2
12
884

Mean
F
p
Square
2185.447 1540.850 0.000000
178.431 125.803 0.000000
15.169
10.695 0.001158
3.859
2.721 0.013214
1.418
9.691
11.394 0.000013
9.077
10.672 0.000000
5.168
6.076 0.002394
3.161
3.717 0.000017
0.851

Figure 4. Shoot density (√density) of P. australis depending on management and time (years),
(F[2, 884]= 60761, p= 0.00239). Blue and red colors show respectively the Managed (mowed)
and the Control transects, vertical bars: confidence intervals for p= 0.95.
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Figure 5. Shoot density (√density) of P. australis in blocks A – H, depending on management
and time (years), (F[12, 884]= 3.7167, p= 0.00002). Blue and red colors show respectively the
Managed (mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.

3.1.2. Density effect in Area B
In 2019, at the start of the experimental management of these transects, the mean density of
P. australis shoots per treatment (Figure 6) varied widely from 4.6 shoots/quadrat in Block L
to more than 11 shoots/quadrat in blocks K and Q (Fig. 7) with no significant difference
between treatments (F= 0.659; p=0.417403). After mowing in 2019, no significant effect of
management appeared in 2020 on P. australis shoot density (Table 3). The effect of Block was
significant with large differences between on one hand blocks M and L with the smallest density
(√density<2.2) and on the other hand blocks K, P, and Q showing higher density (√density >3).
The most important effect on density was Time, the general pattern being a 27% decrease of
the density between 2019 and 2020. There were however contrasted trends between blocks
resulting in significant interactions between these factors (Table 3), the differences between
years of the density per Block x Treatment being significant where shoot densities were the
highest in 2019: in the Control treatment in blocks K and Q and blocks K, Q, and P for the
Mowed treatment.
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Table 3. Result of the MANOVA testing for the effects of Management, Block and Time and
their interactions on the shoot density (√density) of P. australis between 2019 and 2020 in Area
B. Significant values at p<0.05 are shown in red.

Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Variance analysis for repeated measurements
Sum Squares ddf Mean Square
F
p
3825.799
122.581
1.144
13.148
632.581
23.008
17.901
0.093
3.238
382.174

1
5
1
5
380
1
5
1
5
380

3825.799
24.516
1.144
2.630
1.665
23.008
3.580
0.093
0.648
1.006

2298.208
14.727
0.687
1.580

0.000000
0.000000
0.407689
0.164822

22.878
3.560
0.092
0.644

0.000002
0.003700
0.761819
0.666367

Figure 6. Shoot density (√density) of Phragmites australis depending on management and
time (years), (F[1, 380]= 0.09200; p= 0.76182) in Area B. Blue and red colors show respectively
the Manage (mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95
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Figure 7. Shoot density (√density) of P. australis depending on management and time (years),
(F[5, 380]= 0.64385; p= 0.66637) in Area B. Blue and red colors show respectively the Manage
(mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.

3.2. Impacts in the maximum height of Phragmites australis
3.2.1. Maximum height in Area A
In 2018, at the start of the experimental management of these transects, the mean maximum
height of P. australis shoots per treatment varied widely from 2m in Block A to 4m in block D
with no significant difference between treatments (Fig. 9). Time, Block, Treatment, and most
of their interactions were found to be of significant importance in explaining the maximum
height of Phragmites australis (see Table 4). However, 80% of the explained variance is given
by 2 parameters: Block (39.7%; p<10-7) and Time (41.6%; p<10-7). Management alone
represents only 4% of the explained variance.
In 2019, one year after the first implementation of management, no significant difference in
shoot height was found between treatments; the common pattern being a strong decrease
from 2.7 m to 1.7 m mean in the maximum height in Phragmites. However, in 2020 the
differences between the treatments became significant: the maximum height of P. australis
shoots further declined in the mowed areas (to reach 1.1 meters) while it remained stable (nonsignificant increase by +0.1m) in the Control treatment (Figure 8). This result suggests a
cumulative effect of repeated mowing.
The effect of management differs between blocks (see Table 4, significant interaction of the
Block*Management effect: p < 10-7): it is significant on 3 blocks D, G, and H where the height
measurement in 2020 was significantly lower in the mowed areas from 80% to 115% than in
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the controlled areas (LSD Fisher post-hoc test, p< 0.05). Blocks A and C do not show any
significant difference between treatments.

Table 4. Result of the MANOVA testing for the effects of Management, Blocks and Time and
their interactions on the maximum height of P. australis between 2018 and 2020 on Area A.
Significant values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Sum
Squares
662.5021
123.1186
3.8305
24.0540
50.8230
48.3563
3.7030
4.8688
4.0596
76.2421

df

Mean
Square

F

p

1 662.5021 1981.393 0.000000
4 30.7796
92.055 0.000000
1
3.8305
11.456 0.000907
4
6.0135
17.985 0.000000
152
0.3344
2 24.1782
96.406 0.000000
8
0.4629
1.846 0.068311
2
2.4344
9.707 0.000082
8
0.5075
2.023 0.043464
304
0.2508

Figure 8. Maximum height of P. australis depending on management and time (years) (F[2,
304]=9.7067; p= 0.00008). Blue and red colors show respectively the Manage (mowed) and
the Control transects, vertical bars: confidence intervals for p= 0.95.
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Figure 9. Maximum height of Phragmites australis in Area A depending on Management and
Time (years) (F[8, 304]= 2.0234; p= 0.04346). Blue and red colors show respectively the
Manage (mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.

3.2.2. Maximum height in Area B
In 2019, at the start of the experimental management of these transects, the mean maximum
height of P. australis shoots per treatment varied widely from less than 1m in Block L to more
than three meters in blocks K and Q with no significant difference between treatments (Fig.
10). After one year (2020), the mean maximum height of shoots per transect was significantly
impacted by Block, Management, Time, and their interactions (Table 5). The differences
between blocks remained the dominant effect followed by Time (respectively 47% and 26% of
explained variance, Table 4). However, Management (mowing) had a significant effect (15%
of explained variance) with significant interactions with Block and Time (Table 5). In the mowed
transects the mean maximum height was about 0.7m shorter (almost 30%) than in the control.
However, this general trend integrates contrasting trends. In blocks O, P and Q the height
showed opposite trends between the Control and the Mowed transects. In blocks K, L and M
both treatments showed a similar decrease trend with similar slopes within each block (Fig.
11).
The effect of management in 2020 was thus similar in Area B than in Area A although it
appeared after only one year of management in the former and after two years in the latter.
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Table 5. Result of the MANOVA testing for the effects of Management, Block, and Time and
their interactions on the shoot density of P. australis between 2019 and 2020 (transects k – Q,
Area B). Significant values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Sum Squares
df
Mean Square
F
p
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

2916.394
416.764
28.350
14.044
233.999
19.998
33.593
16.074
13.178
91.898

1
5
1
5
320
1
5
1
5
320

2916.394
83.353
28.350
2.809
0.731
19.998
6.719
16.074
2.636
0.287

3988.242
113.987
38.770
3.841

0.000000
0.000000
0.000000
0.002150

69.634
23.395
55.972
9.177

0.000000
0.000000
0.000000
0.000000

Figure 10. Maximum height of P. australis depending on management and time (years) in area
B (F[1, 320]=55.972; p< 10-5). Blue and red colors show respectively the Manage (mowed) and
the Control transects, vertical bars: confidence intervals for p= 0.95.
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Figure 11. Maximum height of P. australis in Area B depending on Management and Time
(years) (F[5, 320]= 9.1775; p< 10-5). Blue and red colors show respectively the Manage
(mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.

3.3. Diameter of the tallest shoot of Phragmites australis
3.3.1. Shoot diameter in Area A
In 2018, at the start of the experimental management of transects A to H, the mean basal
diameter of the tallest shoot of P. australis per quadrat varied widely between treatments from
5.3mm in Block G to 7.2mm in block A with no significant difference between treatments
(Figure 9). When the three years of monitoring are considered, the effect of Management on
the diameter of the tallest shoot is not significant (see Table 6, p=0.24). The compared trends
in the Control and Mowed transects (Figure 12) suggest a cumulative effect of management
on the shoot diameter although this effect is only clear on a single block: D (Figure 13). Indeed,
even if the diameter decreased in both management modes, its decline was greater in mowed
areas which caused a difference of 20% between treatments.
Significant effects of Time (p<10-7) and Block (p=10-6) were found, as well as of
Block*Management (p=0.02) and Time*Block (p=0.003) interactions. Time and Block account
respectively for 52% and 24% of the explained variance. Then, Block* Management interaction
explains 7% and Block*Time 6% of the explained variance (Table 6).
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Table 6. Result of the MANOVA testing for the effects of Management, Blocks and Time and
their interactions on the diameter of P. australis between 2018 and 2020 on Area A (Transects
C, D, G & H and other transects excluded because of insufficient or imbalanced dataset).
Significant values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Sum
Squares
11673.23
179.62
7.00
52.75
748.41
196.59
77.65
19.96
33.80
1133.45

df
1
3
1
3
146
2
6
2
6
292

Mean
Square
11673.23
59.87
7.00
17.58
5.13
98.29
12.94
9.98
5.63
3.88

F

p

2277.228
11.680
1.365
3.430

0.000000
0.000001
0.244512
0.018761

25.322
3.334
2.570
1.451

0.000000
0.003425
0.078228
0.194882

Figure 12. Diameter of the tallest shoot of P. australis in blocks in C to H (Area A) depending
on Management and Time (years) (F[2, 292]=2.292, p= 0.7823). Blue and red colors show
respectively the Manage (mowed) and the Control transects, vertical bars: confidence intervals
for p= 0.95.
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Figure 13. Diameter of the tallest shoot of P. australis in blocks A to H (Area A) depending on
Management and Time (years), (F[6, 292]= 1.4514, p= 0.19488). Blue and red colors show
respectively the Manage (mowed) and the Control transects, vertical bars: confidence intervals
for p= 0.95.

3.3.3. Shoot diameter in Area B
In 2019, at the start of the experimental management of transects K to Q, the mean basal
diameter of the tallest shoot of P. australis per quadrat varied widely between treatments from
5.3mm in Block L to 8.8mm in block K with no significant difference between treatments (Figure
14). The diameter of the tallest shoot of P. australis per quadrat was significantly impacted by
the Time (70% of explained variance), Block (16%), Management (2%), and their interactions
(Table 7). In 2020, the shoot diameter had decreased significantly in both treatments but this
decrease was double in the Mowed treatment (-37%) than in the Control (-18%). In 2020, the
shoot diameter was significantly smaller in the mowed treatment than in the control in blocks
M, O, P, and Q (not significant in K and L; Figure 15).
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Table 7. Result of the MANOVA testing for the effects of Management, Blocks, and Time and
their interactions on the diameter of P. australis in block K-Q between 2019 and 2020 2020
(transects k – Q, Area B). Significant values at p<0.05 are shown in red.

Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Variance analysis for repeated measurements
Sum Squares
df
Mean Square
F
p
25317.24
1
25317.24 4114.071
0.000000
984.65
5
196.93
32.001
0.000000
28.80
1
28.80
4.680
0.031252
88.50
5
17.70
2.876
0.014794
1963.07
319
6.15
653.84
1
653.84
141.044
0.000000
67.91
5
13.58
2.930
0.013310
77.91
1
77.91
16.807
0.000053
15.28
5
3.06
0.659
0.654611
1478.79
319
4.64

Figure 14. Diameter of the tallest shoot of P. australis in transects K-Q depending on
Management and Time (years) in Area B (F[2, 319]=16.807, p= 0.00005). Blue and red colors
show respectively the Manage (mowed) and the Control transects, vertical bars: confidence
intervals for p= 0.95.
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Figure 15. Diameter of the tallest shoot of P. australis in blocks K to Q depending on
Management and Time (years), (F[5, 319]= 0.65930, p= 0.65461) in Area B. Blue and red
colors show respectively the Manage (mowed) and the Control transects, vertical bars:
confidence intervals for p= 0.95.

3.4. Impacts on Typha angustifolia
Only the results of management in Area A (blocks A to H) on the structural variables of
Typha angustifolia are shown since the species is primarily distributed around Vromolimni area
in the northern part of Lake Lesser Prespa (Sakellarakis et al., 2018). Thus, its low occurring
frequency in blocks K to P (Area B), as well as its imbalanced distribution along the treatments,
did not allow for statistical analysis of the effects of management.
3.4.1. Shoot density of T. angustifolia
In 2018, the baseline year before the implementation of management, the mean shoot
density of T. angustifolia per quadrat varied between treatments, being the highest in blocks B
and A and smallest in block E (Figure 16). The general trend was a decrease of Typha density
except in blocks D and E which remained stable. The three parameters studied, Time, Block
(A – H), and Management as well as their interactions, had a significant effect on Typha
density. The parameter explaining most of the variance was Time (62%, p< 10-6). Block and
Management account for 13% (p< 10-6) and 4% (p= 0.045) of the explained variance
respectively (Table 8).
Management resulted in a higher density of Typha shoots than in the control. The shoot
density decreased in both treatments in 2018 and 2019 but this decrease was smaller in the
Managed than in the Control transects the difference becoming significant only in 2020,
suggesting a cumulative impact of repeated mowing (Figure 16). However, this effect of
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management is weak and there is no individual block where the effect of the Management per
se is significant (Tukey post-hoc test, p> 0.05) (Figure 17).

Table 8. Result of the MANOVA testing for the effects of Management, Blocks, and Time and
their interactions on the shoot density (√density) of T. angustifolia between 2018 and 2020
(Area A). Significant values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Sum Squares
727.9830
119.0165
6.8178
10.0214
725.3519
52.2373
52.8721
4.4191
17.7382
391.3991

df

Mean
Square

F

p

1 727.9830 431.5598 0.000000
6 19.8361 11.7591 0.000000
1
6.8178
4.0417 0.045014
6
1.6702
0.9901 0.431356
430
1.6869
2 26.1186 57.3890 0.000000
12
4.4060
9.6811 0.000000
2
2.2095
4.8549 0.008005
12
1.4782
3.2479 0.000135
860
0.4551

Figure 16. Shoot density of T. angustifolia depending on Management and Time (years) in
Area A. (F[2, 860]=4.8549, p= 0.00800). Blue and red colors show respectively the Manage
(mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.

25

Figure 17. Shoot density of Typha angustifolia in each block depending on Management and
Time (years) in Area A. (F[12, 860]=3.2479, p= 0.00014). Blue and red colors show
respectively the Manage (mowed) and the Control transects, vertical bars: confidence intervals
for p= 0.95.
In blocks K to P, the total number of quadrats occupied by T. angustifolia decreased from 69
(15%) to 39 (9%). The number of shoots per quadrat was significantly lower in 2020 than in
2019 (Wilcoxon non-parametric test for paired samples, Z= 3.6907, N= 78, p= 0.000224).

3.4.2. Maximum height of T. angustifolia
In 2018, at the start of the experimental management of transects A to H, the mean height of
the tallest shoot of T. angustifolia per quadrat varied between treatments, being the highest in
blocks A, B, and E (> 3m) and smallest in block G (<2.5m) (Figure 18). The general trend was
a strong decrease of Typha height in 2019 for all blocks and treatments, followed by a
stabilization or smaller decline between 2019 and 2020 (Figures 18-19). Time, Block, and the
interactions Time x Block, as well as Time x Management, had a significant effect on the height
of Typha shoots (Table 9). However, Time factor accounts for most of the variance explained
(94%; Table 9). The Management alone is not significant (p = 0.18), only its interaction with
the time factor is showing a significant effect.
The shoot maximum height in the Control and Mowed areas followed the same trend i.e. a
strong decrease in 2019 and 2020 (Figure 18). However, in 2020 the shoot height decreased
more in the mowed areas creating a significant 30% difference with shoot height in the Control,
which suggests at a slower pace the same declining trend observed for P. australis.
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The maximum height in mowed areas kept decreasing in every block (Figure 19). However, in
2020, Typha’s maximum height stabilized or slightly increased in the Control treatment of some
blocks (blocks B and G), which marks a first reversal of the general trend even if the differences
observed are not significant (LSD Fisher post hoc test). For example, in block G, Typha’s mean
height increased from 0.8 m to 1.1m between 2019 and 2020 in Control areas whereas in
Mowed places the height kept decreasing from 1.25 m to 0.6 m.
Table 9. Result of the MANOVA testing for the effects of Management, Blocks and Time and
their interactions on the maximum height of T. angustifolia between 2018 and 2020. Significant
values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Sum
Squares
474.2338
6.3183
0.2272
0.5439
10.9132
131.7720
13.8574
2.4283
1.1568
15.5072

df
1
4
1
4
86
2
8
2
8
172

Mean
Square
474.2338
1.5796
0.2272
0.1360
0.1269
65.8860
1.7322
1.2141
0.1446
0.0902

F

p

3737.143
12.448
1.791
1.071

0.000000
0.000000
0.184385
0.375695

730.784
19.213
13.467
1.604

0.000000
0.000000
0.000004
0.126820

Figure 18. Maximum height of Typha angustifolia depending on Management and Time
(years) (F[2, 172]= 13.467, p= 0.00000). Blue and red colors show respectively the Manage
(mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95
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Figure 19. Maximum height of Typha angustifolia in each block depending on Management
and Time (years) in Area A. (F[8, 172]=1.6039, p= 0.12682). Blue and red colors show
respectively the Manage (mowed) and the Control transects, vertical bars: confidence intervals
for p= 0.95.

In blocks K to P, the size of the tallest shoot per quadrat was significantly higher in 2019
(median= 1.8m) than in 2020 (median= 0.8m) (Wilcoxon non parametric test for paired
samples, Z= 3.9449, N= 21, p= 0.00008).

3.4.3. Diameter of the tallest shoot of Typha angustifolia
At the start of the management experiment in 2018 the mean diameter of the tallest shoot per
quadrat of T. angustifolia was not significantly different between the Control and Mowed
treatments (20 and 22mm respectively; Figure 19). The common trend in both treatments was
a 75% decline in shoot diameter down to about 6mm in 2020. This trend was consistent in all
blocks (Figure 20). Time, Management, and Block showed a significant influence on the
diameter of the tallest shoot of Typha angustifolia (Table 10). Time contributes to 83 % of the
explained variance. In contrast, Management and Block showed a small effect with only 3%
and 6% respectively of the explained variance).
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Table 10. Result of the MANOVA testing for the effects of Management, Blocks, and Time and
their interactions on the diameter of the tallest shoot of T. angustifolia between 2018 and 2020.
Significant values at p<0.05 are shown in red.
Variance analysis for repeated measurements
Effect
Intercept
Block
Management
Block*Management
Error
TIME
TIME*Block
TIME*Management
TIME*Block*Management
Error

Sum
Squares
26931.80
774.26
87.99
393.57
1827.78
6891.50
951.10
33.85
433.88
4965.30

df
1
4
1
4
86
2
8
2
8
172

Mean
Square
26931.80
193.56
87.99
98.39
21.25
3445.75
118.89
16.93
54.23
28.87

F

p

1267.188
9.108
4.140
4.630

0.000000
0.000003
0.044959
0.001966

119.362
4.118
0.586
1.879

0.000000
0.000162
0.557466
0.066162

Figure 19. Diameter of the tallest shoots of T. angustifolia depending on management and
time (years) (F[2, 172]= 0.58634, p= 0.55747). Blue and red colors show respectively the
Manage (mowed) and the Control transects, vertical bars: confidence intervals for p= 0.95.
.
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Figure 20. Diameter of the tallest shoots of T. angustifolia in each blocks depending on
Management and Time (years) (F[8, 172]=1.8787, p= 0.06616). Blue and red colors show
respectively the Manage (mowed) and the Control transects, vertical bars: confidence intervals
for p= 0.95.

In blocks K to P, the basal diameter of the tallest shoot per quadrat was significantly higher in
2019 (median= 15.0mm) than in 2020 (median= 7.2mm) (Wilcoxon non-parametric test for
paired samples, Z= 3.910236, N= 21, p= 0.000092).

3.5 Impact of management on species composition and diversity.
Between 2018-2020, 106 vascular plant taxa and one algae (Chara sp.) were recorded in the
sampling quadrats. In most cases, species were identified at species or subspecies level, while
for 15 taxa identification was not possible under the genus level due to the absence of
important characters for identification.
The 10 most common species in the management and control transects were Phragmites
australis, Carex riparia, Galium palustre, Typha angustifolia, Agrostis stolonifera, Persicaria
amphibia, Lythrum salicaria, Schoenoplectus lacustris, Iris pseudacorus, and Scutellaria
galericulata.
When comparing the management transects with the control no differences were found in their
floristic composition with a complete overlap in their overall plant communities (Figure 20, a).
Differences were found when comparing species composition between the years, with 2018
separating with 2019 and 2020 (Figure 19, b). As has been already shown (Figure 1), 2018
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was characterized by a high water level in Lesser Prespa resulting in the presence of several
aquatic species, such as Salvinia natans and Lemna spp., in both managed and control
transects. Thus, the observed difference in the community composition is water-driven rather
than a direct result of management actions. Nevertheless, and according to the Shannon
diversity index, differences were found between the managed and control transects. During
the baseline year (2018), the mean Shannon index was not significantly different between the
control (H= 1.85) and the managed transects (H= 1.9; Kruskall-Wallis non-parametric variance
analysis, p= 0.6702; Table 11). For the control transects a decrease in the Shannon values
was observed in 2019, with managed transects maintaining higher diversity in comparison with
the control even though the difference was not statistically significant (p= 0.068). During 2020
though, the diversity (Shannon index) was significantly higher in the Management than in the
Control transects (p= 0.00001).

Table 11. Mean Shannon diversity values of the managed and control transects (in parenthesis
the standard deviation); Years with statistical differences (p<0.05) marked with asterisk.
Type
Control
Management

2018
1.85 (0.59)
1.9 (0.5)

2019
1.70 (0.83)
1.95 (0.65)

2020*
1.45 (0.34)
1.70 (0.25)

Figure 20. Results of the canonical correlation analysis; a) Comparison between the control
and the management transects, b) comparison between 2018, 2019 and 2020 floristic
composition of the transects, c) Comparison between the floristic composition of transect
blocks (A-H), d) explanatory variables used in the analysis (Ph_dens = Phragmites density;
Ph_MD = Phragmites maximum diameter, Ph_MH = Phragmites maximum height, Ty_dens=
Typha density, Ty_MD = Typha maximum height, Ty_MH = Typha maximum height, and water
level).
31

4. Discussion
The baseline year for the establishment of the monitoring and control transects followed the
needs of the implementation of management actions. During 2018, when the management
areas were located mostly in the northern part of Lesser Prespa, eight blocks, containing in
total 24 transects, were marked and sampled. In addition, and with the expansion of
management activities in the eastern sector of Lesser Prespa lakeshore, 6 blocks, containing
18 transects, were further sampled and added, allowing a better understanding of
management effect in the structure and composition of the reedbed. The hydrological
conditions of the lake were contrasting during these three years, the first year was wetter than
usual, the second year was close to mean values and the third year (2020) was drier. The
differences in hydrology resulted in large differences between years and between sites in the
flood conditions.
The three structure variables measured: i) density, ii) height, and iii) basal diameter of shoots
of P. australis and T. angustifolia, showed significant differences during the years with
contrasting trends between species, areas, block of transects, and years. Overall, Time and
Block showed the largest effects on the density, height, and basal diameter of shoots of both
species (P. australis & T. angustifolia). The Time effect was explaining most of the variance of
T. angustifolia structure parameters (62 to 94 % of explained variance) and Block had a limited
effect (2 – 13%). For P. australis, Block and Time had a more balanced contribution to explain
the variance of the structure variables. Block effect was stronger in Area A (24 – 74%) than in
Area B (16 – 36%). The Time effect was higher on shoot diameter and Block on the density of
P. australis.
The relative effects of Time highlight a higher sensitivity of T. angustifolia to drought compared
to P. australis. Both Time and Block have hydrological implications. Even though the water
level fluctuations are equivalent between blocks, the consequences can diverge between the
highest topographic position, where low water levels promote drought stress rapidly, while in
the lowest topographic levels, the drought stress occurs later in the season. In high water
levels, anoxia-related stress is more likely to occur at lower topographic positions. However,
some topographic data are still missing for a detailed analysis of these factors.

Table 11. Synthesis of the magnitude of the effects (the contribution to the percentage of
explained variance) of site (Block), year (Time), and mowing (Management) on the density,
height, and diameter of shoots of P. australis and T. angustifolia in the two experimental areas
(A & B).

P. australis
Density
Height
Diameter
T. angustifolia
Density
Height
Diameter

Block
74
40
24

Area A
Time
7
42
52

Management
6
5
3

13
2
6

62
94
83

4
<1
3

Block
33
36
16

Area B
Time
52
22
70

Management
2
12
2
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Table 12. Synthesis of the effects of Management on the structure of P. australis and T.
angustifolia populations in the two experimental areas (A & B).

P. australis
Density
Height
Diameter
T. angustifolia
Density
Height
Diameter

Area A
Year 1 (2019) year 2 (2020)
↗
↗
↔
↘
↔
↔
↔
↔
↔

Area B
Year 1
↔
↘
↘

↗
↔
↗

Ι. Impact of management on shoot density
Mowing had a significant effect on the density of P. australis and T. angustifolia. Both species
showed higher densities after mowing than in the Control, but the pattern differed between
species, blocks, and areas. The density of P. australis increased in the mowed transects in
Area A already one year after the first cut and remained significantly higher than the Control
transects the second year. However, in Area B, P. australis density was not significantly
different in the mowed and the control transects after one year of management implementation.
Additionally, T. angustifolia density decreased in area A in both treatments –as a result of the
drought in the reedbed- but less in the mowed than in the Control transects. Differences
between Control-Management was significant only the second year after the first cut. Thus,
mowing resulted in higher densities in the Management transects than in the Control transects
for both species: Phragmites density increased in the Management transects while Typha
which appeared more sensitive to drought, decreased less in the Management transects than
in the Control ones.
The information regarding the effects of summer mowing on the density of reedbeds remains
scarce in the literature when not followed by submergence. Many studies have shown that
winter harvesting (or fire) of P. australis increases its shoot density (Ingram et al., 1980;
Björndahl 1985; Thompson & Shay 1985; Granéli 1989; Cowie et al., 1992; Ostendorp 1999;
Poulin & Lefebvre 2002; Schmidt et al., 2005). Similarly, many studies have found that mowing
in winter or in summer followed by flooding resulted in a decrease in the density of P. australis
and Typha spp. (Apfelbaum 1985, Miklovic 2000, Sakellarakis & Grillas, 2019). However, few
studies exist reporting on the impact of summer mowing on the density of helophyte vegetation.
Butler (1992) found that Phragmites australis increased its densities but decreased its shoot
diameter over four years of summer mowing. On the other hand, and in the same study (Butler,
1992), after three years of winter mowing, Phragmites was found to have smaller densities and
thicker shoots. Thus, cutting impact may produce contradictory results depending on the dates
of management implementation (Packer et al. 2017). Cutting P. australis early in the season
(e.g. spring), just after the main emergence and when reserve storage is at their minimum in
the rhizomes, resulted in a decreased production the following year (Haslam 1972). Similarly,
cutting Typha shoots before flowering has a negative effect on the density - if followed by
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flooding. Cutting later in the year and during mid-season has less of an impact for both
Phragmites (Haslam 1972) and Typha density (Nelson and Dietz (1966 in Miklovic 2000).
The expected effect of management was a decrease in the cover and height of helophytes,
allowing the development of wet meadows vegetation. Studies in the Prespa area (Sakellarakis
& Grillas, 2019) have shown that Phragmites density drops by 70% if mowing is followed by
an increase in the water level and thus subsequent submergence of the cut culms and
rhizomes. The low water levels that were observed during the winter-spring seasons of both
2019 and 2020, did not allow for the submergence of the cut shoots, and thus of anoxic
conditions that were expected to act as a trigger mechanism for density depletion of both
species (P. australis & T. angustifolia). In the absence of flooding, the increased density is
consistent with the results in the scientific literature. The negative effect on carbohydrates
storage is that rhizomes resulting from summer cut may have been reduced and partly
compensated by the high productivity that has been observed in the reedbeds of Prespa area
(Grillas et al., 2018).

ΙΙ. Impact of management on shoot height and diameter
Mowing had a negative effect on the shoot height of P. australis but not of T. angustifolia (Table
12). This impact was significant already after the first year of management in Area B. In area
A, the decrease of P. australis shoot height was significant A only after the second year of
management. This result suggests a cumulative impact of management, on shoot height
probably mediated by the negative impact of mowing on carbohydrate storage of the plants
and/or by the allocation of these resources to more numerous shoots.
The stronger decrease in shoot height of T. angustifolia in the mowed than in the Control
transects, was not sufficient to make Management effect statistically significant; it may indicate
a small cumulative effect of management after two years.
Mowing had a limited effect on shoot diameter of P. australis, only in Area B (no significant
effect on that species in area A) and on T. angustifolia. A negative effect of summer mowing
on P. australis shoot diameter was expected (Asaeda et al. 2006) but this effect might occur
after more than two successive years of management implementation.
As a preliminary conclusion, mowing is having an increasing impact on P. australis and T.
angustifolia populations with some evidence of a cumulative effect. The impact of harvesting
is cumulative over the years in reedbeds but the mechanisms are still not completely
understood. Basic working hypotheses are i) damage to the superficial rhizomes, ii) change in
the microclimate, and iii) reduction of apical dominance for both species (Ostendorp 1999).
However, the effect of management on the structure of the reedbed is below expectation with
limited reduction of the dominance of these species and a limited establishment of wet
meadows vegetation. The main explanation for these results is the massive effects of the
drought experienced by the lake in 2019 and 2020. Wetter hydrological conditions should lead
to the submergence of cut shoots, and higher water level in the management areas allowing
the establishment of wet meadow species. Management did not have a synergistic effect with
the drought, probably because flooding is a stress for helophytes although they are adapted
to flooding conditions. Therefore, the drought combines two effects with different intensities
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along the depth gradient: the release of the flooding stress at low topographic (more
hydromorphic) levels and the enhanced dry stress in the higher (drier) sites.

5. Literature
Apfelbaum S.I. 1985. Cattail (Typha spp.) management. Natural Areas Journal 5:9–17.Asaeda
T., Rajapakse L., Manatunge J., Sahara N. 2006. The Effect of Summer Harvesting of
Phragmites australis on Growth Characteristics and Rhizome Resource Storage.
Hydrobiologia 553:327–335. doi: 10.1007/s10750-005-1157-6
Benayas J.M.R., Scheiner S.M. 1993. Diversity patterns of wet meadows along geochemical
gradients in central Spain. Journal of Vegetation Science 4:103–108. doi: 10.2307/3235737
Berg Å., Gustafson T. 2007. Meadow management and occurrence of corncrake Crex crex.
Agriculture, Ecosystems & Environment 120:139–144. doi: 10.1016/j.agee.2006.08.009
Björndahl G. 1985. Influence of winter harvest on stand structure and biomass production of
the common reed, Phragmites australis (Cav.) trin. ex steud. in Lake Tåkern, Southern
Sweden. Biomass 7:303–319. doi: 10.1016/0144-4565(85)90069-1
Bousbouras, D., Ioannidis, Y., 1997. The distribution and habitat preferences of the
amphibians of Prespa National Park, in: Crivelli, A.J., Catsadorakis, G. (Eds.), Lake Prespa,
Northwestern
Greece.
Springer
Netherlands,
Dordrecht,
pp.
127–133.
https://doi.org/10.1007/978-94-011-5180-1_9
Brix H., Sorrell B.K., Schierup H.-H. 1996. Gas fluxes achieved by in situ convective flow in
Phragmites australis. Aquatic Botany 54:151–163. doi: 10.1016/0304-3770(96)01042-X
Burnside N.G., Joyce C.B., Puurmann E. & Scott D.M. 2007. Use of vegetation classification
and plant indicators to assess grazing abandonment in Estonian coastal wetlands. Journal of
Vegetation Science, 18(5), 645–654.
Buttler A. 1992. Permanent plot research in wet meadows and cutting experiment. Vegetatio
103:113–124. doi: 10.1007/BF00047697
Catsadorakis G., Malakou M. 1997. Conservation and management issues of Prespa National
Park. In: Crivelli AJ, Catsadorakis G. (Editors), Lake Prespa, Northwestern Greece: A Unique
Balkan Wetland. Dordrecht: Springer Netherlands; pp: 175-96. doi: 10.1007/978-94-011-51801_13
Catsadorakis, G., 1997. The importance of Prespa National Park for breeding and wintering
birds, in: Crivelli, A.J., Catsadorakis, George (Eds.), Lake Prespa, Northwestern Greece.
Springer Netherlands, Dordrecht, pp. 157–174. https://doi.org/10.1007/978-94-011-5180-1_12

35

Cattin, M.-F., Blandenier, G., Banašek-Richter, C., Bersier, L.-F., 2003. The impact of mowing
as a management strategy for wet meadows on spider (Araneae) communities. Biol. Conserv.
113, 179–188. https://doi.org/10.1016/S0006-3207(02)00297-5
Coops H., Van Der Velde G. 1996. Impact of hydrodynamic changes on the zonation of
helophytes. Netherlands Journal of Aquatic Ecology 30:165–173. doi: 10.1007/BF02272236
Coops H., Vulink J.T., van Nes E.H. 2004. Managed water levels and the expansion of
emergent vegetation along a lakeshore. Limnologica 34:57–64. doi: 10.1016/S00759511(04)80022-7
Cowie N.R., Sutherland W.J., Ditlhogo M.K.M., James R. 1992. The Effects of Conservation
Management of Reed Beds. II. The Flora and Litter Disappearance. Journal of Applied Ecology
29:277–284. doi: 10.2307/2404496
Crivelli, A.J., Catsadorakis, G., Malakou, M., Rosecchi, E., 1997. Fish and fisheries of the
Prespa lakes, in: Crivelli, Alain J., Catsadorakis, George (Eds.), Lake Prespa, Northwestern
Greece. Springer Netherlands, Dordrecht, pp. 107–125. https://doi.org/10.1007/978-94-0115180-1_8
Duncan P. & D H
́ erbes J.M. 1982. The use of domestic herbivores in the managment of
wetlands for waterbirds in the Camargue. In: Scott, D.A. (ed.) Managing Wetlands and Their
Birds, International Waterfowl Bureau, Münster, 51–67.
Esselink P., Zijlstra W., Dijkema K.S. & van Diggelen, R. 2000. The effects of decreased
management on plant-species distribution patterns in a salt marsh nature reserve in the
Wadden Sea. Biological Conservation, 93(1), 61–76
Granéli W., Weisner S.E.B., Sytsma M.D. 1992. Rhizome dynamics and resource storage in
Phragmites australis. Wetlands Ecol Manage 1:239–247. doi: 10.1007/BF00244929
Grillas P., Sakellarakis F.-N. 2020. Dynamics of the reedbed at the interface of Typha
angustifolia and Phragmites australis patches: Results for 2018 and 2019. Report within the
LIFE15 NAT/GR/000936 Bird conservation in Lesser Prespa: benefiting local communities and
building a climate change resilient ecosystem. 32 pp.
Grillas P., Sakellarakis F.-N., Catsadorakis G., Kastritis Th., & I. Koutseri 2019.
Recommendations and guidelines for the management of the reedbeds of Lake Lesser
Prespa. Report within the LIFE15 NAT/GR/000936 Bird conservation in Lesser Prespa:
benefiting local communities and building a climate change resilient ecosystem. 17 pp.
Grillas P., Sakellarakis F.-N., Maliaka V., Smolder F. 2018. Identification of the ecological
niches of Typha angustifolia and Phragmites australis. Report within the LIFE15
NAT/GR/000936 Bird conservation in Lesser Prespa: benefiting local communities and
building a climate change resilient ecosystem. 37 pp.
Güsewell S., Edwards P. 1999. Shading by Phragmites australis: a threat for species-rich fen
meadows? Applied Vegetation Science 2:61–70. doi: 10.2307/1478882.
Haslam S.M. 1972. Biological flora of the British Isles. No. 128 Phragmites communis Trin.
(Arundo phragmites L.,? Phragmites australis (Cav.) Trin. Journal of Ecology 60:585–610.
36

Hocking P.J. 1989. Seasonal dynamics of production, and nutrient accumulation and cycling
by Phragmites australis (Cav.) Trin. ex Steudel in nutrient-enriched swamp in inland Australia.
I. Whole plants. Aust. J. Freshwater Res, 40:421-444.
Ingram H. a. P., Barclay A.M., Coupar A.M., Glover J.G., Lynch B.M., Sprent J.I. 1980.
Phragmites performance in reed beds in the Tay Estuary. Proceedings of the Royal Society of
Edinburgh, Section B: Biological Sciences 78:s89–s107. doi: 10.1017/S0269727000003055
Joyce C.B. 2014. Ecological consequences and restoration potential of abandoned wet
grasslands. Ecological Engineering 66:91–102. doi: 10.1016/j.ecoleng.2013.05.008
Kazoglou Y. 2007. Effects of water buffalo grazing on wet meadows of Prespa National Park.
PhD dissertation. Aristotle University of Thessaloniki. School of Agriculture, Forestry and
Natural Environment
Kazoglou Y., Koutseri I., Malakou M. 2004a. Conservation management of wet meadows at
the Greek part of Lake Mikri Prespa. Balwois 10 pp.
Kazoglou Y., Mesléard F. & Papanastasis V.P. 2004b. Water buffalo (Bubalus bubalis) grazing
and summer cutting as methods of restoring wet meadows at Lake Mikri Prespa, Greece. In
Lüscher A. (Ed.) Land Use Systems in Grassland Dominated Regions,: Proceedings of the
20th General Meeting of the European Grassland Federation, Luzern, Switzerland, vdf
Hochschulverlag AG, pp: 225-227.
Kiviat, E., 2013. Ecosystem services of Phragmites in North America with emphasis on habitat
functions. AoB Plants 5, plt008–plt008. https://doi.org/10.1093/aobpla/plt008
Klimkowska A., Van Diggelenac R., Bakkera J., Grootjansa P. 2007. Wet meadow restoration
in Western Europe: a quantitative assessment of the effectiveness of several techniques. Biol.
Conserv. 140, 318–328.
Kołos A., Banaszuk P. 2013. Mowing as a tool for wet meadows restoration: Effect of longterm management on species richness and composition of sedge-dominated wetland.
Ecological Engineering, 55:23-88. doi: 10.1016/j.ecoleng.2013.02.008
Kougioumoutzis, K., Kokkoris, I., Panitsa, M., Kallimanis, A., Strid, A., Dimopoulos, P., 2021.
Plant Endemism Centres and Biodiversity Hotspots in Greece. Biology 10, 72.
https://doi.org/10.3390/biology10020072
Koutseri, I., Nikolaou, Ch., Manolopoulos, A., Malakou M. 2019. ANNUAL REPORT TO THE
WETLAND MANAGEMENT COMMITTEE: Report on vegetation management actions in the
lakeshore of Lesser Prespa for the year 2018 & Planning of management actions for the year
2019. LIFE15 NAT/GR/000936, Society for the Protection of Prespa, Agios Germanos. In
Greek.
Miklovic S. 2000. Typha angustifolia management: implications for glacial marsh restoration.
Restoration and Reclamation Review 6:1–11.
Moroń D., Szentgyörgyi H., Wantuch M., Celary W., Westphal C., Settele J., Woyciechowski
M. 2008. Diversity of wild bees in wet meadows: Implications for conservation. Wetlands
28:975. doi: 10.1672/08-83.1
37

Moroń, D., Szentgyörgyi, H., Wantuch, M., Celary, W., Westphal, C., Settele, J.,
Woyciechowski, M., 2008. Diversity of wild bees in wet meadows: Implications for
conservation. Wetlands 28, 975–983. https://doi.org/10.1672/08-83.1
Müller J., Kayser M. & Isselstein J. (2007) The effect of stocking rate on nesting success of
meadow birds. In: De Vliegher A. & Carlier L. (eds.) Permanent and Temporary Grassland.
Plant, Environment and Economy. European Grassland Federation, Gent, 72–73.
Ostendorp, W., Iseli, C., Krauss, M., Krumscheid-Plankert, P., Moret, J.-L., Rollier, M., Schanz,
F., 1995. Lake shore deterioration, reed management and bank restoration in some Central
European lakes. Ecol. Eng. 5, 51–75. https://doi.org/10.1016/0925-8574(95)00014-A
Ostendorp W. 1999. Management Impacts on Stand Structure of Lakeshore Phragmites
Reeds. International Review of Hydrobiology 84:33–47. doi: 10.1002/iroh.199900006
Packer J.G., Meyerson L.A., Skálová H., Pyšek P., Kueffer C. 2017. Biological Flora of the
British Isles: Phragmites australis. J Ecol 105:1123–1162. doi: 10.1111/1365-2745.12797
Pavlides, G., 1997. The flora of Prespa National Park with emphasis on species of
conservation interest, in: Crivelli, A.J., Catsadorakis, G. (Eds.), Lake Prespa, Northwestern
Greece. Springer Netherlands, Dordrecht, pp. 35–40. https://doi.org/10.1007/978-94-0115180-1_3
Poulin, B., Lefebvre, G.T., 2002. Effect of winter cutting on the passerine breeding assemblage
in French Mediterranean reedbeds. Biodiversity and Conservation 1567–1581.
Prach K. 2008. Vegetation Changes in a Wet Meadow Complex during the Past Half-Century.
Folia Geobot 43:119–130. doi: 10.1007/s12224-008-9011-z
Pyrovetsi M., Crivelli A. 1988. Habitat use by water-birds in Prespa National Park, Greece.
Biological Conservation 45:135–153. doi: 10.1016/0006-3207(88)90044-4
Sakellarakis F.-N., Grillas P. 2019. Effects of cutting and flooding on P. australis reedbeds –
Results of a field experiment. Report within the LIFE15 NAT/GR/000936 Bird conservation in
Lesser Prespa: benefiting local communities and building a climate change resilient
ecosystem. 21 p. + Appendix.
Sakellarakis F.-N., Merle C., Lefebvre G., Guelmami A., Sandoz A., Grillas P. 2018. Mapping
Prespa reedbeds and recent changes. Report within the LIFE15 NAT/GR/000936 Bird
conservation in Lesser Prespa: benefiting local communities and building a climate change
resilient ecosystem. 27 p. + Appendix I & II.
Sawchik, J., Dufrêne, M., Lebrun, P., 2005. Distribution patterns and indicator species of
butterfly assemblages of wet meadows in southern Belgium. Belg. J. Zool. 135, 43–52.
Schmidt M.H., Lefebvre G., Poulin B., Tscharntke T. 2005. Reed cutting affects arthropod
communities, potentially reducing food for passerine birds. Biological Conservation 121:157–
166. doi: 10.1016/j.biocon.2004.03.032
Strid, A., Bergmeier, E., Fotiadis, G., 2020. Flora and Vegetation of the Prespa National Park.
Society for the Protection of Prespa.

38

Sweers W., Horn S., Grenzdörffer G. & Müller J. 2013. Regulation of reed (Phragmites
australis) by water buffalo grazing: use in coastal conservation. In Mires and Peat, Volume 13,
Article 03, 1–10. International Mire Conservation Group and International Peat Society Editor,
http://www.mires-and-peat.net/, ISSN 1819-754X.
Thompson D.J., Shay J.M. 1985. The effects of fire on Phragmites australis in the Delta Marsh,
Manitoba. Can J Bot 63:1864–1869. doi: 10.1139/b85-261
Tornberg T., Bendix M., Brix H. 1994. Internal gas transport in Typha latifolia L. and Typha
angustifolia L. 2. Convective throughflow pathways and ecological significance. Aquatic Botany
49:91–105. doi: 10.1016/0304-3770(94)90031-0
Vulink J.T., Drost H.J. & Jans L. 2000. The influence of different grazing regimes on
Phragmites and shrub vegetation in the well-drained zone of a eutrophic wetland. Applied
Vegetation Science, 3(1), 73–80.
Wickham H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York.
ISBN 978-3-319-24277-4, https://ggplot2.tidyverse.org.
Wotavová, K., Balounová, Z., Kindlmann, P., 2004. Factors affecting persistence of terrestrial
orchids in wet meadows and implications for their conservation in a changing agricultural
landscape. Biol. Conserv. 118, 271–279. https://doi.org/10.1016/j.biocon.2003.09.005
Zervas, D., Tsiripidis, I., Bergmeier, E., Tsiaoussi, V., 2020. A phytosociological survey of
aquatic vegetation in the main freshwater lakes of Greece. Veg. Classif. Surv. 1, 53–75.
https://doi.org/10.3897/VCS/2020/48377

39

